. Chemical structures of the five probes used for high-throughput fingerprinting of the P450 libraries. The synthesis of these compounds was described earlier (Zhang et al., J Am Chem Soc 2011, 133, 3242-45) .
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Figure S2. Plot of experimental versus calculated ART activity from multiple linear regression analysis of ART reactivity/fingerprint correlation across the P450 training set B (Table S2) Figure S4 . Visible spectra of the remaining P450 variants of Table 1 (in addition to those provided in Figure 6 ) recorded before (gray line) and after (red line) addition of artemisinin (1 mM), illustrating the artemisinin-induced shift of the heme spin state. Figure S5 . Representative plots of artemisinin-induced heme spin shift versus artemisinin concentration for the remaining P450 variants described in Table 1 (in addition to the data provided in Figure 6 . The experimental data (dots) were fitted to a non-cooperative 1:1 binding model equation (solid line).
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Figure S6. Calibration curves used for the quantification of the hydroxylated artemisinin derivatives 2 (top graph), 3 (middle graph), and 4 (bottom graph) by HPLC. The graphs report the ratio between the areas of the HPLC peaks corresponding to the hydroxy-artemisinin product and the internal standard (ISTD) plotted against the concentration of the hydroxy-artemisinin product. Table S1 . Sequence of the oligonucleotides used for the preparation of the P450 libraries. 78%  22%  0%  190  21  III-A5  78%  22%  0%  421  27  III-B2  77%  23%  0%  463  19 III-D9  77%  23%  0%  416  25  VI-G2  77%  20%  3%  475  16  II-C3  76%  24%  0%  602  16  II-H11  74%  18%  7%  60% (S)  103  10  VI-E10  72%  28%  0%  463  20  IV-C1  70%  28%  2%  462  21  II-D12  66%  22%  11%  22  6  VI-F8  66%  31%  3%  132  11  II-D1  65%  35%  0%  452 20%  75%  5%  388  15  II-E1  49%  51%  0%  426  23  III-B7  51%  49%  0%  75  4  V-D8  53%  47%  0%  428  19  IV-E10  53%  47%  0%  152  10  IV-C3  58%  42%  0%  422  13  II-H2  56%  40%  4%  67  3   II-E2  22%  30%  48%  393  25  II-A2  38%  29%  34%  21  6  III-F1  46%  21%  33%  45  6  II-D11 0% 0% 0% 0 0 S11 Table S4 . Catalytic turnovers and regioselectivity in artemisinin oxidation of II-E2-derived P450
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variants. II-E2 is included for comparison. The group highlighted in red corresponds to the ARTreactive variants identified among the 25 top-scoring P450s based on the fingerprint-driven predictions (ordered based on 6a-selectivity), with the underlining indicating those found among the 10 top-scoring ones. The groups highlighted in green and gray correspond to the ARTreactive variants found within the bottom 50% and bottom 10% fraction, respectively, of the 50-enzyme pool. Those highlighted in darker red were selected for further characterization (Table 1 in main text:
7(R)-OH-ART (3) 6a-OH-ART (4)
II-E2 22% 30% 48% 393 25 Derivatization and HPLC analysis of hydroxylated artemisinin products. To enable accurate measurement of the catalytic turnovers and regio/stereoselectivity of the P450 variants, the hydroxy-artemisinin products from the enzymatic reactions were derivatized with benzoyl chloride according to the scheme below followed by HPLC analysis of the resulting benzoyl ester derivatives.
Prior to analysis, the enzymatic reaction mixtures (0.5 mL) were added with 9-fluorenone (final conc.: 0.5 mM) as internal standard (ISTD) and extracted with 200 L dicholoromethane. After evaporation of the organic solvent in vacuo, the crude product was re-dissolved in 100 L dry S13 dichloromethane and reacted with excess of benzoyl chloride (1.25 mol; 5 equiv.) in the presence of 4-dimethylaminopyridine (2.5 mol; 10 equiv.) for 3 hours at room temperature to give the corresponding benzoylated derivatives. After evaporation of the solvent, the residue was dissolved in 100 L acetonitrile and the mixture was separated by high-pressure reverse-phase chromatography using an Agilent 1200 UPLC instrument equipped with a photodiode UV-VIS array. Analytical conditions: Agilent XDB-C18 column (1.8 m, 4.4 X 50 mm); UV detection: mins for 7(R)-OBz; 8.05 mins for 7(S)-OBz. Calibration curves were generated for each of the three hydroxylated artemisinin isomers using known concentrations of these compounds varying from 5 M to 500 M ( Figure S6 ). The method showed a linear dependence of the signal (= analyte peak area/internal standard peak area) on the analyte concentration with a R-square value > 0.98 (see plots below) across the range of analyte concentration that were revelant for the enzyme characterization (2M -1 mM). The detection limit of the method was determined to be about 2 M.
